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Soilborne Oospores of Phytophthora infestans in Central Mexico  
Survive Winter Fallow and Infect Potato Plants in the Field 
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Oospores are sexual, reproductive spores 
of oomycetes. In the species Phytophthora 
infestans (Mont.) de Bary, oospores are 
formed when two isolates of opposite mat-
ing type, referred to as A1 and A2, interact. 
The two mating types of P. infestans occur 
in a 1:1 ratio in the Toluca valley located in 
the central highlands of Mexico (12,13,15), 
a situation consistent with a population that 
is sexually reproducing. The formation of 
oospores in nature by the potato late blight 
pathogen P. infestans was first described in 
1956 in the Toluca Valley (23) and inde-
pendently confirmed 2 years later (12). 
Oospores have been observed to form in 
nature in the Toluca valley on cultivars that 
are either susceptible or resistant to po-
tato late blight (12,23,24), on potato tu-

bers (8), and on several wild species of 
Solanum (9). 

Circumstantial evidence indicates that 
oospores can be important in the disease 
cycle of the potato late blight pathogen by 
serving as primary inoculum (1,24). Infec-
tivity of soil collected 2 years after a se-
vere late blight epidemic occurred in a 
potato field in the Toluca valley was tested 
in the greenhouse (24). Potato plants 
grown in this soil developed infection on 
the lower parts of stems and on the leaves 
close to or in contact with soil, which were 
attributed to the presence of oospores in 
the soil. A study performed in Sweden 
suggested that late blight in one field was 
initiated from soilborne inoculum, pre-
sumably oospores (1). Under controlled 
conditions, oospores produced in vitro and 
added in high concentrations to soil caused 
infection of underground stems and tubers 
(26), indicating that oospores were infec-
tive. 

Oospores likely survive for many 
months because P. infestans oospores 
withstand freezing temperatures under 
laboratory conditions (7) and overwinter 
in fields in which the oospores had been 
inoculated (4,21,22,25,27,30). A study 
performed in the Netherlands documented 
oospore survival for up to 48 months in 
sandy and 34 months in light clay soil 
(27). 

Potato growers in some locations in 
Mexico, where viable oospores have been 
detected in soil (S. P. Fernández-Pavía, 
unpublished), grow potatoes every other 
year to reduce late blight severity (J. Ireta-
Moreno, personal communication). Al-
though unconfirmed, this practice suggests 
that soilborne inoculum viability decreases 
after 1 year, but no studies have been con-
ducted in Mexico to determine if oospore 
viability and infectivity decreases. 

We evaluated several hypotheses con-
cerning soils naturally infested with oo-
spores: (i) that oospores remain infective 
during the winter fallow, (ii) that oospore 
viability decreases over time, (iii) that 
infectivity of oospores is correlated with 
the number of viable oospores, and (iv) 
that higher oospore density leads to more 
primary stem lesions. In order to conduct 
these studies we first had to develop the 
methodology to selectively eliminate spo-
rangia from soil samples without affecting 
oospore viability. We then tested these 
hypotheses using field soils naturally in-
fested with different concentrations of 
oospores.  

MATERIALS AND METHODS 
Soil characteristics. Soils were sampled 

from three locations in the central high-
lands of Mexico. The Toluca valley sam-
ples were collected in Metepec (2,640 m 
above sea level). Samples also came from 
Huiloapan and Ocozacapa-La Cabaña, 
located in Santa Catarina del Monte, Mu-
nicipio of Texcoco (3,140 m above sea 
level). The Toluca valley soil is a sandy 
clay loam soil with 59.46% sand, 20.02% 
silt, and 20.52% clay, an organic matter 
content of 1.98%, and pH 5.47. The 
Huiloapan soil is a sandy loam soil that 
contains 55.46% sand, 30.02% silt, and 
14.52% clay, an organic matter content of 
4.3%, and pH 6.75. The Ocozacapa-La 
Cabaña soil contains 43.64% sand, 38% 
silt, and 18.36% clay and is characterized 
as a loam soil with an organic matter con-
tent of 3.7% and pH 6.62. Soil analyses 
were performed in the laboratory of Nu-
trición Vegetal, Colegio de Postgraduados, 
Mexico. Soil texture was determined by 
the Bouyoccous method and pH was meas-
ured on a 2:1 soil:water slurry (6). 

Soil bioassay. A soil bioassay, adapted 
from Drenth et al. (4), was used to detect P. 

ABSTRACT 
Fernández-Pavía, S. P., Grünwald, N. J., Díaz-Valasis, M., Cadena-Hinojosa, M., and Fry, W. E.
2004. Soilborne oospores of Phytophthora infestans in central Mexico survive winter fallow and 
infect potato plants in the field. Plant Dis. 88:29-33.  

Survival and infectivity of oospores in soils naturally infested with P. infestans oospores were 
studied in central Mexico. Sporangia were selectively eliminated from soil samples to deter-
mine infectivity attributable to the presence of oospores. Selective elimination of sporangia was 
achieved by two cycles of wetting and drying the soil. Oospore concentration, viability, and 
infectivity varied among soils collected during the winter fallow in different locations of central 
Mexico. In some soils, oospores were infective regardless of the time at which they were col-
lected during the winter fallow. However, oospore viability and infectivity decreased following 
2 years of intercropping. The number of stem lesions and initial disease severity were signifi-
cantly higher in soils with moderate (20 to 39 oospores g–1 soil) oospore infestation compared
with soils with low (0 to 19 oospores g–1 soil) infestation. Our study confirms that oospores can 
survive winter fallow and serve as a source of primary inoculum in the central highlands of 
Mexico. Oospore survival appeared lower in the Toluca Valley soil, which may be an indication 
of soil suppressiveness.  

Additional keywords: bioassay, oomycete, potato late blight 

 

Corresponding author: N. J. Grünwald 
E-mail: ngrunwald@pars.ars.usda.gov  

This work was funded by PICTIPAPA (Programa 
Internacional Cooperativo del Tizón Tardío de la 
Papa), the CEEM (Cornell-Eastern Europe-Mex-
ico) Potato Late Blight Project, USDA CRIS 
project 5354-21220-009-00, and the JANE (John 
and Anne Niederhauser) award given to S. P. 
Fernández-Pavía. 

Accepted for publication 14 August 2003. 

Publication no. D-2003-1112-01R 
© 2004 The American Phytopathological Society 



30 Plant Disease / Vol. 88 No. 1 

infestans in soil. The soil was thoroughly 
mixed with water (4:1 wt/vol) in a plastic 
container (18 by 13 cm) and maintained at 
15°C with a 14-h photoperiod in a growth 
chamber. After 48 h, eight leaflets of the 
susceptible potato cv. Alpha were floated 
upside down as baits. Leaflets were in-
spected daily for infection, and infections 
were recorded over a period of 7 to 30 days 
after initiation of the bioassay. When leaf-
lets began to appear senescent, fresh leaf-
lets were added so that nonsenescent leaf-
lets were exposed to each sample at all 
times. 

To quantify oospore infectivity in soils, 
the bioassay was conducted with modifica-
tions (14). Sterile microtiter plates (24 
wells; Evergreen Scientific, CA) were 
used; 1 g of dry soil and 1.5 ml of water 
were added to each well. The soil was 
stirred and covered by a 9-mm-diameter 
potato leaf disc. The discs were inspected 
daily and infected leaf discs were immedi-
ately removed to avoid contamination of 
neighboring wells. Each infected disc was 
recorded and the experiment was continued 
until there were at least 30 continuous days 
in which no newly infected discs were 
observed. The proportion of wells that led 
to infected discs and the time required to 
detect infection were recorded. Three 
plates were used for each assay and the 
proportion of leaflets out of 72 calculated 
for each observation. The assays were 
repeated four times. 

Elimination of sporangia. Several 
methods were tested for their efficacy in 
eliminating sporangia from soil samples 
while preserving viability of oospores. 
Sporangia were produced from an isolate 
of P. infestans (mating type, A2; Peptidase 
allozyme pattern, 96/96; Glucose-6-phos-
phate-isomerase allozyme pattern, 86/100) 
originally isolated from soil and main-
tained on leaflets of cv. Alpha at all times. 
Leaflets were inoculated with a zoospore 
suspension and kept in a humidity chamber 
at room temperature (20°C � 4). Sporangia 
were obtained from sporulating leaflets 5 
days after inoculation. A suspension (15 
ml, 20,000 sporangia ml–1) was added to 
soil. The following treatments were tested 
for their ability to eliminate sporangia from 
soil: 

Freezing treatments. Because the lit-
erature mentions freezing as a method of 
eliminating sporangia from soil samples 
(5,27), we investigated various freezing 
treatments using soils from Metepec. Some 
treatments used pasteurized soils (main-
tained at 65°C for 5 days), some treatments 
used sterilized soils (100-g samples auto-
claved at 121°C for 60 min), and some 
treatments used untreated soils. Sporangia 
in suspensions or on leaflets were added to 
dry and wet soil (100 g of soil wetted with 
30 ml of water). Sporangial suspensions 
consisted of 15 ml of inoculum suspension 
(20,000 sporangia ml–1) plus 15 ml of wa-
ter. Sporulating leaflets were completely 

covered with soil. Treated soils were main-
tained in clear plastic bags. Treatments 
consisted of freezing the soils at –16 � 4°C 
for 0, 24, and 48 h. Following the freezing 
treatments, a soil bioassay was performed. 
Each treatment was replicated twice and all 
experiments were repeated four times. 

Drying treatments. Drying treatments 
were conducted on sporangia in pasteur-
ized and sterilized field soil. Soil was 
moistened with 15 ml of water per 100 g of 
soil prior to addition of sporangia in a sus-
pension (15 ml of 20,000 sporangia ml–1). 
Soil water content was approximately 30% 
prior to any drying treatment. Soil samples 
containing sporangia were dried by placing 
them in Buchner funnels and maintaining 
them at 22°C for 5 days. In another treat-
ment, dried soils were further subjected to 
a second drying cycle by adding 30 ml of 
water to the soil, then dried as before. Soil 
gravimetric water content was determined 
on all soil samples. A subsample of soil 
was weighed to obtain fresh weight while 
another subsample of soil was dried in two 
replicates (105°C) until weight remained 
constant (about 18 h). Gravimetric soil 
water content after two drying cycles 
ranged from 3 to 7%. Viability of sporan-
gia was tested after one or two drying cy-
cles using the soil bioassay as described 
above. Each treatment was replicated twice 
and each experiment was repeated four 
times. 

Effect of treatments on oospores. We 
tested whether oospore viability might be 
negatively affected by treatments to elimi-
nate sporangia. We tested soils from 
Huiloapan, Mexico that were naturally 
infested with oospores and which had been 
shown previously to be highly infective in 
the bioassay. These soils contained an av-
erage of 61 oospores g–1 of soil. We deter-
mined the percentage of oospores that were 
viable (using the plasmolysis test, de-
scribed below) before and after different 
treatments in four independent extractions. 
Means were compared with a t test for two 
independent samples. 

A soil bioassay was conducted on the 
Huiloapan soil to determine infectivity 
before and after two drying cycles. As a 
control treatment, 15 ml of a sporangial 
suspension (20,000 sporangia ml–1) was 
added to pasteurized Huiloapan soil and 
tested before and after two drying cycles. 
Infectivity of pasteurized field soil was 
tested previously and no infection was 
observed. 

Oospore extraction and quantifica-
tion. Oospores were extracted from soil 
using the method described by Van der 
Gaag and Frinking (28) adapted as de-
scribed below. Soil (10 g) was wetted with 
100 ml of water and thoroughly mixed by 
hand. The suspension was filtered through 
a 100-µm sieve and a 15-µm nylon mesh 
(Tekto Inc., Kansas City, MO). The residue 
on the 15-µm nylon mesh was washed with 
20 ml of water into a tube and 30 ml of a 

70% sucrose solution was added to the 
suspension. The suspension was centri-
fuged for 5 min at 3,500 rpm, and the re-
sulting supernatant was filtered through the 
15-µm nylon mesh and retrieved into 15 ml 
of water. The suspension was centrifuged 
for 10 min at 3,500 rpm and the super-
natant pipetted off until 1 ml remained. 
Oospores were counted in five 20-µl ali-
quots under the microscope at ×10 magni-
fication. The entire 20 µl were inspected. 
The oospore concentration was calculated 
as the total number of oospores per gram 
of soil based on an average of the five 
samples counted. A soil was considered to 
have a low, moderate, or high oospore 
concentration if it contained 0 to 19, 20 to 
39, or >39 oospores g–1 soil, respectively. 
Ornamented oospores and oospores that 
were either too big or too small compared 
with those commonly observed for P. in-
festans under controlled conditions in de-
tached leaflets were not counted. 

Oospore viability. The number of vi-
able oospores in soil samples was deter-
mined using the plasmolysis test described 
by Jiang and Erwin (18) with some minor 
modifications. Oospores were extracted 
from soil as described above and kept 
overnight in a 2M NaCl solution. Plasmo-
lyzed and nonplasmolyzed oospores were 
counted for each soil sample in five sub-
samples of 20-µl each using a compound 
microscope at ×10 magnification. 

Field experiment. A field experiment 
was initiated in 1998 to measure survival 
of naturally produced oospores under 
Toluca Valley conditions and to relate oo-
spore numbers to initial field infections. In 
a portion of the field in which potato plants 
had been absent for the previous 6 years, 
we planted an area (10 by 40 m) to the 
susceptible cv. Alpha in June 1998, using 
grower practices typical for the Toluca 
valley (16). To assure oospore production 
in the potato leaf tissue, we slowed the rate 
of epidemic development with weekly 
applications of chlorothalonil (at 25% of 
the commercial rate of 0.29 kg a.i. ha–1). 
The soil supporting plants with this slow 
epidemic subsequently was regarded as 
“moderately infested” with oospores. Ad-
jacent to the moderately infested area was 
a 10-by-40-m area that had not been 
planted with potato for at least 6 years and 
was left fallow for the 1998 cropping sea-
son. This area is subsequently regarded as 
“lightly infested” with oospores. 

The lightly infested and moderately in-
fested areas were used in 1999 and 2000 to 
test whether a moderate infestation of oo-
spores in soil could infect potato plants in 
the field. A total of four plots were planted 
in each of the lightly or moderately in-
fested areas. Cv. Alpha was planted on 30 
June 1999 and 14 July 2000 in 3-by-3-m 
plots. The number of infected stems at the 
soil interface was counted daily and the 
date when new lesions appeared was re-
corded up to 5.5 weeks after planting. 
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Thereafter, many stem lesions might have 
originated from aerial inoculum through 
splash dispersal from neighboring infected 
stems or from soilborne inoculum. Disease 
severity (%) was estimated visually as 
described previously (11) on a plot basis 5 
to 7 weeks after planting. The concentra-
tions of oospores in soils with moderate 
infestation and with light infestation were 
determined with the oospore-extraction 
method described above on 10 samples 
taken in each area. 

Oospore infection under greenhouse 
conditions. To assess whether oospores 
can lead to infection of stems under con-
trolled conditions, a greenhouse study was 
conducted using naturally infested soil 
from Huiloapan. Four minitubers of cv. 
Alpha were planted in the greenhouse in 
clay pots using dried Huiloapan soil. Four 
tubers were planted in pasteurized soil as a 
control. Soil was kept wet at all times (ap-
proximately 66% soil water content). 
Greenhouse temperatures remained in a 
range of 22 � 3°C. Plants were inspected 
for stem lesions up to 60 days after plant-
ing. When stem lesions were observed, 
infected tissue was removed to a moist 
chamber to induce sporulation. The experi-
ment was conducted twice. 

Oospore infectivity during winter fal-
low. Soil samples from potato fields in the 
Toluca Valley, Huiloapan and from 
Ocozacapa-La Cabaña were collected dur-
ing the winter fallow. The soils contained 
low, moderate (Toluca valley), or high 
(Huiloapan and Ocozacapa-La Cabaña) 
oospore concentrations. Soils were col-
lected during the months of November 
(1999 and 2000), January (2000 and 2001), 
March (2001), and June (2000 and 2001) in 
the Toluca valley. In Huiloapan, soils were 
sampled during October 1999 and July 
2001, 3 months after harvest and after 2 
years of winter fallow, respectively. In 
Ocozacapa-La Cabaña, soil was sampled 3 
months after harvest. Ten soil samples 
taken from the upper 15 cm were bulked 
from each period and location. Infectivity 
was determined with the soil bioassay 
described above after sporangia were 
eliminated by subjecting soil samples to 
two drying cycles. A t test for two inde-
pendent samples was conducted to deter-
mine if differences in viability and infec-
tivity were observed over time with 
Huiloapan soil.  

RESULTS 
Elimination of sporangia from soil. 

Several methods were evaluated for their 
ability to selectively eliminate sporangia 
from soil samples while minimizing harm-
ful effects on oospores. Sporangia added in 
water suspensions or on sporulating leaf-
lets were not eliminated by the freezing 
treatments because infection was observed 
in all bioassays within 5 to 7 days. Simi-
larly, one drying cycle was not effective in 
eliminating sporangia from soil (Table 1). 

However, successful elimination of spo-
rangia was obtained using two drying cy-
cles (Table 1). Oospore viability was not 
significantly affected by this treatment (P 
= 0.05). The average percentage of oo-
spores that were viable in the Huiloapan 
soil before and after two drying cycles 
were 35.8 and 25.7%, respectively. Oo-
spores from naturally infested soils in 
Huiloapan remained infective after two 
drying cycles. Oospores were success-
fully eliminated by pasteurizing the soil, 
because no sporulating leaflets were ob-
served in the bioassay following pasteuri-
zation (Table 2). Thus, two cycles of soil 
drying were considered the method of 

choice for selective elimination of spo-
rangia from soil without eliminating oo-
spore viability. 

Oospores remain infective during 
winter fallow. P. infestans oospores in 
naturally infested soils remained infective 
throughout the winter fallow in soils with 
moderate and high infestation. Oospores 
survived 2 years without a potato crop in 
two different soil types (Huiloapan and 
Toluca valley) from the central highlands 
of Mexico (Table 3). However, the viabil-
ity of oospores in the Huiloapan soil de-
creased significantly (P < 0.05) after 24 
months (Table 4). Infectivity was not de-
tected during the winter fallow in the 

Table 3. Bioassay for infectivity of oospores in naturally infested soils from central Mexicoa 

Oospore infestation, dateb Infection Infection observed (days) 

Low infestation (Toluca)   
November 1999 – – 
January 2000 – – 
June 2000 – – 
November 2000 – – 
January 2001 – – 
March 2001 – – 
June 2001 – – 

Moderate infestation (Toluca)   
November 1999 + 5–9 
January 2000 + 11–21 
June 2000 + 10–21 
November 2000 + 8–10 
January 2001 + 10–16 
March 2001 + 13–29 
June 2001 + 10–16 

High infestation (Huiloapan)   
October 1999 + 9–25 
July 2001 + 8–17 

High infestation (Ocazacapa-La Cabaña)   
October 1999 + 9–15 

a All soils had been subjected to two drying cycles to eliminate sporangia; + = infection observed 
and – = infection not observed. 

b Low = 0 to 19, moderate = 20 to 39, and high >39 oospores g–1 soil. 

Table 1. Number of leaflets infected in different treatments for elimination of sporangia of Phy-
tophthora infestans from soil samples 

Treatmenta Leaflets infectedb 

Sporangia suspension/dry soil, one drying cycle  6/8 
Sporangia suspension/dry soil, two drying cycles 0/8 
Sporangia suspension/wet soil, no drying cycle 8/8 

a Sporangium viability was assessed using a bioassay, where the occurrence of infected leaflets indi-
cated viable sporangia. Sporangia were added to wet and to dry soil as a sporulating lesion on a 
leaflet or in a water suspension. All experiments were repeated four times with two replicates per 
experiment. The results shown are from a single experiment and are representative of all experi-
ments conducted.  

b Shown are the number of leaflets infected after a 7-day period out of the total number of leaflets 
exposed in the bioassay. 

Table 2. Infectivity of a naturally infested soil from Huiloapan, Mexico 

Treatment Infected leafletsa 

Field soil (wet soil) 8/8 
Field soil, two drying cycles 8/8 
Pasteurized field soil 0/8 
Pasteurized field soil + sporangia (wet soil) 8/8 
Pasteurized field soil + sporangia, two drying cycles 0/8 

a Sporangium viability was assessed using a bioassay, where the occurrence of infected leaflets indi-
cated presence of viable sporangia or oospores. Shown are averages of the number of leaflets in-
fected in a bioassay from two independent experiments with two replicates per experiment. 
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Toluca soil with low infestation (Table 3). 
The timing at which detection of infections 
via the bioassay occurred was diverse from 
experiment to experiment using the same 

soil, a result consistent with asynchronous 
germination of oospores. 

Oospore infectivity in the field and 
greenhouse. Soils moderately infested 

with oospores resulted in significantly 
higher numbers of primary stem lesions at 
the soil interface and significantly higher 
disease severity than on plants in soils with 
low infestation (P < 0.05) during the 1999 
and 2000 field experiments (Fig. 1A and 
B). In the field experiments, stem lesions 
appeared 24 days after planting in 1999 
and 38 days after planting in 2000. Under 
greenhouse conditions, the first stem lesion 
appeared 39 and 50 days after planting in 
the first and second experiments, respec-
tively. 

Infectivity and oospore concentration 
are positively correlated. The infectivity 
of the three soils from central Mexico was 
positively correlated with both oospore 
concentration and viability (Table 5). The 
bioassay in microtiter plates detected no 
infections from oospores in soils from 
Toluca with low and moderate oospore 
infestations.  

DISCUSSION 
Our data are consistent with the expecta-

tion that oospores serve as a source of 
primary inoculum in the central highlands 
of Mexico. Stem lesions at the soil inter-
face and subsequent disease severity were 
significantly higher on plants grown in a 
soil with moderate oospore infestations 
than in a soil with a light infestation. The 
bioassay detected more infections from 
soils with high oospore concentrations than 
from soils with low oospore concentra-
tions. 

Differences in oospore numbers were 
detected in soils from different locations. 
The lowest oospore infestation was de-
tected in Metepec (Toluca Valley). Our 
results confirm a previous report that soils 
collected in the Toluca Valley show low 
oospore infestation in the upper 10 cm of 
soil (2). The reason for low infestations is 
not immediately apparent because oospores 
have been shown to be produced on natu-
rally infected leaflets (12). Factors that 
might reduce oospore survival in Toluca 
soils remain undefined. 

Soilborne oospores survived winter fal-
low in the central highlands of Mexico and 
were capable of initiating infections. Under 
greenhouse conditions, naturally infested 
soils from Huiloapan caused lesions on the 
lower stems of potato plants. Others also 
have reported that naturally occurring soil-
borne inoculum causes infection (1,4,24). 
Our study confirms that oospores can sur-
vive in soil and can initiate epidemics. 

Oospore viability and infectivity in soil 
decreased with time after a potato crop; 
however, even 2 years after a crop, we 
could detect viable oospores. Nonetheless, 
crop rotation used by many potato growers 
in Mexico probably helps suppress late 
blight. 

Oospores do not appear to germinate 
synchronously. Under our experimental 
conditions, visible symptoms of infection 
were detected on floating leaflets between 

Table 4. Oospore concentration, viability, and infectivity in a naturally infested soil from Huiloapan
assayed 3 and 24 months after the cropping period (1999)a 

Year Oospores g–1 soil (mean � SD) Viable oospores g–1 soil (%) Infected leaf discs (%) 

1999 61 � 51 35.7 32 � 30 
2001 55 � 7.2 16.7 2.5 � 20 

a Data shown are means � standard deviations from three independent extractions and three experi-
ments with three replications, respectively. 

Table 5. Oospore concentration, viability, and infectivity in three soils sampled in central Mexico 3 
months after harvesta 

 
Soilb 

Oospores g–1 soil 
(mean � SD) 

Viable oospores g–1 
soil (%) 

Infected leaf discs 
(%) 

Toluca (low) 11 � 4.8 1 0 
Toluca (moderate) 23 � 11.2 21 0 
Huiloapan (high) 61 � 51 35.7 31.7 � 30 
Ocozacapa-La Cabaña (high) 88 � 54 60 71.3 � 16 

a Shown are means � standard deviations from three independent extractions and four bioassays with
three replicates each. 

b Low = 0 to 19, moderate = 20 to 39, and high >39 oospores g–1 soil. 

 

Fig. 1. Effect of oospore concentration on A, disease severity and B, number of primary stem lesions
at the soil interface in soils with low or moderate oospore infestation, during 1999 and 2000, in four 
replicate plots. Shown are means � standard deviations.  
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5 and 29 days after initiation of the assay 
using the same soil sample. Similar results 
have been reported for artificially inocu-
lated soils in the Netherlands (27). Asyn-
chronous germination of oospores, as re-
ported for other Phytophthora spp. 
(10,17,19,20), also could explain why the 
detection of the first stem lesions ranged 
from 24 to 38 days after planting in field 
trials. Likewise, first detections of lower 
stem lesions ranged from 39 to 50 days 
on plants grown in the greenhouse in soils 
that presumably had oospores (24). Oo-
spores may remain dormant for different 
lengths of time and thus maintain a low 
but continuously infective population 
(29). 

Sporangia commonly are found in soil 
samples along with oospores. Freezing soil 
samples with sporangia or using only one 
drying cycle did not eliminate sporangia 
from soil samples. Unlike De Bruyn’s (3) 
findings, which show that P. infestans 
withstands low temperatures under dry 
conditions better than in moist conditions, 
we found no difference between dry and 
wet soil at freezing temperatures (data not 
shown). A treatment of two drying cycles 
was the best method by which to selec-
tively eliminate sporangia from soil sam-
ples without significantly reducing oospore 
viability. Dryness is considered one of the 
greatest hazards to survival of Phy-
tophthora mycelium, sporangia, and zoo-
spores (5,29). 

Our study confirms that oospores sur-
vive winter fallow and contribute signifi-
cantly to the initiation of potato late blight 
epidemics in the central highlands of Mex-
ico. We found that some soils supported 
larger concentrations of oospores than 
other soils, but the explanation for this 
phenomenon awaits further investigation. 
The presence of oospores in soil is a recent 
phenomenon in many potato-growing areas 
of the world, such that methods of reduc-
ing oospore numbers in soil probably need 
to be considered. Crop rotation is immedi-
ately available as a management tool, and 
enhancement of soil suppressiveness might 
become a reality.  
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